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The goal of this project was to assess the general physiological 
responses of stress in coho salmon, OncorhY!',chus kisutch, and steelhead 
trout, Salmo gairdneri, .with respect to suspended solids in the aquatic 
environment and to relate these responses to the fish 1 s capacity to 
survive and perform necessary physiological functions. 
Brett (1958) defined stress· to: be a state produced by any environment.al 
factor which extends the normal adaptive response of the animal or which 
disturbs the no;:ma! functioning to such an extent that the chances for 
survival are significantly reduced. ·A stressor is any factor or set of 
factors which i.~duces stress. Putative theory regarding physiological 
responses to stress in fish suggests that some internal or external stimuli 
elicit via the brain primary responses by the endocrine system specifically 
the hypothalamic-hypophyseal-interrenal axis (Mazeaud et al 1977). 
Corticosteroid hormones are produced by the interrenal tissue of fish. 
Cortisol is the predominant corticosteroid hormone produced by the 
interrenal tissue (Chavin & Singley 1972). This hormone is the major 
corticosteroid related to stress in fish and it also functions in relation 
to osmoregulation and intermediary metabolism (Bentley 1976). 
The concentration of co:rtisol in the fish's blood increases with 
exposure to various stressors (Hane. et al. 1966; Wedemeyer 1969; Mazeaud 
et_al. 1977; St:range et al. 1978) and seems to be correlated to reduced 
performance capacity with respect to survival and growth (Strange et al. 
1978). Thus,. use of cortisol as an indicato:r of stress in fish seems to 
be valid fo:r stressors which cause physical disturbance, discomfort, or 
fright (Schreck and Lorz 1978). 
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Subsequent to primary response·s by the endocrine system numerous 
secondary responses may be associated with stress in fish, e.g., changes 
in heart rate, electrolyte concentrations, glucose.levels, and 
immunological capacity (Mazeaud et aL 1977). 
Suspended solids in the aquatic environmen.t may, represent a stress:f1.1l 
condition for fish,.especially juvenile salmonids which characteristically 
p 
inhabit clear water systelllS. It is apparent that certain natural phenomena, 
e.g., erosion and land slides, and human activities, e.g., logging, road 
construction, and agriculture, cause both acute and chronic elevations 
in the concentration of suspended solids in aquatic ecosystems. 
Several studies have assessed the effects of suspended solids on 
mortality of various fish species (Wallen 1951; Herbert and Merkens 1961; 
LeGore and Des Voigne 1973; Noggle 1978; Peddicord and Macfarland 1978). 
For. most species tested mortality rates increased only after long-term, 
·chronic exposure to extremely high levels of suspended solids; most fish 
test.ed were refractory to suspended solids. Sherk et al. (1974) evaluated 
sublethal physiological effects of suspended solids on several estuarine 
species but little information is available on the sublethal effects of. 
_suspended solids on salmonids.· 
It is possible that elevated · 1evels of suspended 'solids in str-eams 
where juvenile salmonids rear could reduce the fish •.s capacity to perforin 
critical physiological :functions. Therefore, it seems appropriate to 
evaluate the effects of suspended solids on juvenile salmonids in terms 
of stress. 
We developed a set of operational tasks to satisfy the primary 
objective of this project. 
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Objective: To determine whether or not exposure to suspended solids 
elicits primary and secondary physiological responses in coho salmon and 
steelhead trout similar to those elicited·by other known stressors, and 
to relate those responses to the fish's capacity to survive and perform 
nefessar~physiological functions. 
Task 1. Determine if exposure to suspended topsoil elevates the 
concentration of cortisol in the blood pfasma of juvenlle coho 
salmon and steelhead trout (primary stress response). 
Task 2. Deta::mine if exposure to suspended solids alters the concentration 
of electrolytes, i.e.; plasma sod~llll! in the fish's blood (secondary 
stress response-) • 
Task 3. Determine if exposw:e to suspended solids a1ters the capacity 
of juvenile-fish to regulate electrolyte concentration, i.e~, 
··plasma sodium, during exposure to salt water (or alternately, 
their ability to tolerate seawater as smolts). 
Task 4. Determine if different types of_suspended solids, i.e., topsoil, 
kaolin clay, and volcanic ash elicit different physiological 
responses with respect to cortisol, sodium, and hematocrit. · 
Task 5. Determine if exposure to various kinds of suspended solids 
increases mortality rates in coho salmon and steelhead trout 
post-emergent fry. 
Task 60 Determine if exposure to suspended solids affects the histological 
appearance of gill tissue in juvenile fish and £:ry (as an 
indication of impaired respiratory or osmoregulatory performance). 
I 
!. 
Task 7. Determine if an acute reduction in ambient light, such as occurs 
during periods of high tui'bidity, induces the same physioiogica.l_ 
responses as exposure to suspended solids (to distinguish what 
component of turbidity elicits the obs\)rved responses). 
Task 8. Determine if.reduced ambient light such as exists in chronically .. 
turbid streams alter$ the fish's response to a known stressor 
(to detennine if a reduction in ambient light mitigates or amplifies 
the effects of other physiological stressors). 
Task 9. Determine if expos\ll'eto suspended solids alters the fish's 
response to.a known stressor (to see if exposure to suspended 
solids. mi.tigat·es or amplifies the effect of other stressor. 
Task 10. Determine if exposure to suspended solids at elevated ambi~nt 
temperature elicites responses differ~nt from those elicited at 
lower temperatures, (to sinru~ate streams in clear-cut areas 
during summer months and evaluate the potential additive or 
synergistic effects of high temperature and high suspended 
solids). 
Task 11. Determine if exposure to suspended solids alters a fish's 
tolerance to pathogens (i.e. Vibria anguillarum). 
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Methods and Materials 
We constructed an apparatus to control the concentration of suspended 
solids in a flow-through system. Essentially, the apparatus consists 
of a ·hopper: a vibrating tray (Eire~, a 100 L mixing .chamber, and a 
20 L dilution chamber. Sieved and dried sandy loam topsoil ( 44% < 75 µm 
diameter) flows from the hopper onto the vibrating tray and from there ~-
into the mixing chamber. Delivery rate of dry soil to the mixer can be 
adjusted by altering the vibratory amplitude of the tray. The concentration 
o_f suspende_d solids in the mixer depends on the delivery rate of dry soil 
and the flow rate of water into the mixer. The packing characteristics 
, 
of kaolin clay and volcanic ash prevent the use of the hopper and vibrating 
tray delivery system. Instead, the clay and ash are premixe_d with water 
to form _a very concentrated slurry. Aliquots of the. s·lurry are then 
dispensed directly into the mixing chamber via a submersible pump attached 
to a timing device. A fraction of.the water in the.mixer flows into the 
dilution chamber where it is diluted according to a known ratio. Water 
from either the mixer or the dilutor flows into the experimental aquaria, 
• 
allowing for two experimental concentrations of suspended solids_. Solids 
are kept in suspension in the test tanks by means of pumps and aerators-. 
Control tanks_ receive a constant flow of well water. 
The concentration ·of suspended solids in Oregon coastal streams 
seldom-exceeds 1.0 mg/L, even after a rainstorm in an area subject to 
logging operations (personal communication, Dr. Robert Beschta, Dept, 
of Forestry, Oregon State University). Therefore, we chose to evaluate 
the effects of exposure to a relatively high concentration of suspended 
solids, about 2-3 g/L (two to three times the maximum concentration 
' !;,·.' 
6' 
recorded in a coastal stream), and to a relatively low concentration, 
about 0.5 g/L (a f'airly typical concentration of suspended solids in 
coastal stream after a rainstorm). 
Fis!} were acclimated to the experimental aquaria for 7-10 d 
prior to the··imposition of treatment. Experiments which required 
sampling of blood were usually initiated at 1100 h to control for the 
possibility of diurnal variation. 
Steelhead trout were obtained from either the Alsea Hatct,ery' or 
Marion Forks Hatchery of the Oregon Department of Fi.sh·and Wildlife (ODFW). 
Coho salmon were obtained from .the Alsea Fall Creek Hatchery or Sandy 
Hatchery (ODFW). 
Plasma samples were obtained by severing the fish I s caudal peduncle 
and collecting the blood in ammonium-heparinized capillary tubes; 
after centrifugation the samples were-stored at·-1s 0 c. We used a 
competitive-protein-binding assay described by Strange andScnreck (1978) 
, 
to measure cortisol. Plasma sodium concentration was measured on a Perkins 
Elmer Model SlCa flame photometer, Plasma_ osmolality was measured on a 
Wescor vapor pressure osmometer. Red blood 'cell content was taken_ as percent 
microhematocrit after centrifugation of whole blood, Tissue samples were 
prepared using standard histological techniques and Hand E staining. 
Experiments involving pathogenic organisms were conducted at ODFW 
Fish Disease Laboratory in Corvallis. Vibrio anguillaruru bacteria were 
obtained from Warren Groberg, Department of Microbiology, ar'egon State 
University. 
Various water quality.parameters·were·monitored and these data 
are compiled in Table 1. The concentration of suspended solids was 
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Tab1e·1. Water quality characteristics of water with various t)'.PeS of 
·suspended solids. Fish density = 20-40 fish/100 L. 
Type of Suspension· (2-4g/L) 
.Control 
Topsoil · . Kaolin Clay Volcanic Ash Well Water 
Temperature CC") 13.0-13.5 · 13.S 13.0 12,S-13.0 , 
Dissolved Oxygen Ong/Ij 8-10 · 9.0 9.0 9,0 
pH. 7.0 7.0 7.0 7,1 
Conductivity ijmnohs) 223 228 227 222-225 
Alkalinity Ong CaC03'IJ 60 80 80 60-80 
· Hardness 6ng caco3/L) 180 140 140 140 
8 
estimated by evaporating water samples and weighing the. residue. 
Sta.tistical analyses of the data included x2 tests and comparison 
of means with Student's t-tests. Lag transformation of some cortisol 
_data was used to reduce sample variability and ·skewness toward higher 
-,values. 
Experimental ·oesign and Results 
Task 1-3. Cortisol and Sodium during Exposure to Suspended Solids 
and Salt Water 
To characterize the dynamics of the fish's cortisol response and 
as a standard of comparison with suspended solids, we employed a: 
standard test in which untreated fish were subjected to handling, 
crowding, and continuous confinement in small live-cages suspended in 
flowing water. ·Th.is treatment is known to produce a rapid and severe 
elevation of cortisol in salmonid.species. The observed cortisol 
responses due to exposure to suspended solids were then compared to that 
of the standard test. 
Osmoregulation (the maintenance of internal salt and water balance) 
is a critical physiological function in fish_, especially in anadromous 
species which must adapt to highly saline conditions after rearing in 
fresh water (FW). Stress is known to alter osmoregulatory performance, 
often detrimentally; hence, we have also monitored the concentration of 
sodiUl'I! in the fish's blood. Plasma sodium is a physiological parameter 
that is commonly used to evaluate the osmoregulatory performance of 
fish in relation to stress. 
To evaluate the fish's osmoregulatory performance after exposure to 
suspended solids, we employed a standard salt water ·csw) challenge 
bioassay. · Parameters of interest for the bioassay were mortality rate 
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and the concentrations of sodium and cortisol in the blood plasma. 
Based on preliminary tests to establish mortality rates in various 
concentrations of SW, w~ selectee 75% SW for .the SW challenge bioassay. 
. We chose 3 g. as the duration of the bioassay because the plasnia 
sodium concentration in control ~ish seemed· to decline after 3 din 
75% SW. Our hypothesis w~s that plasma sodium in fish e~posed to 
· suspended solids might remain elevated after 3 d relative to the decreased 
conceritration in control fish. 
Steelhead Trout 
To ascertain, for comparative puxposes, how a severe stress would 
affect. the level of cortisol in the fish's blood, we subjected fish to 
handling and continuous crowding in small live-cages. Within 10 h, 
cortisol concentration·averaged about 120 ng/ml (Fig. 1). 
To establish the fish's tolerance limits to SW to be used in 
subsequent testing of the fish's ability to osmoregulate following exposure 
to sediment, we placed ten fish each in 20 L aerated containers of 100, 
75, 50, and O percent synthetic SW. Within.48 h, all fish in 100% SW were 
dead, while no mortality occurred at other concentrations. 
We put additional groups of fish in FW and 75% SW for O, 1, 2, 3, 
and 5 days, to determine the.effect of an osmotic challenge on the concen~ 
trations of sodium and cortisol in the blood. Sodium concentrations in 
the plasma of fish held irt 75% SW were highest at day 1 and gradually 
returned. to basal values by day 5 (Fig. 2).. Control fish held in FW for 
3 d had basal sodium concentrations. Cortisol in the plasma of trout 
·exposed to 75% SW was maximal during days 1 and 2, followed by a return 
to basal levels by day ·S. Control fish held in FW for 3. d had basal levels 
of cortisol. These results were used to evaluate the effect of an 
, 
Fig. 1. Mean (± 'S.E.) plasma cortisol concentration in juvenile steelhead · trout 
subjected to handling and crowding or exposed to high (1.7-2.7 g/L), 
low (0,4-0.6 g/L), and control ().) g/L) concentrations of suspended 
solids. n = 12. · · 
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·Fig. 2. Mean(± S.E.) plasma cortisol and sodium concentrations in juvenile 
steelhead trout transferred to 75% salt water (SW) or fresh water (FW) 
for periods of 1-5 d._n=lO. 
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osmotic: challenge on the plasma .sodium and cortisol of steelhead trout 
exposed to suspended solids. 
To assess the effects of suspended solids on juvenile steelhead · 
trout (mean fork length = 13 .. 7 cm). we exposed fi~h to high (1. 7-2. 7 g/L), 
low (0.4-0.6 g/L), and co~trol.(0.0 g/L) concentrations of suspended 
solids. Two replicate tanks were maint;lined for each treatment group. 
. Beginning at 0800, .30 November 1978, blood samples for plasma cortisol 
assays were obtained from six fish in each tank after O, l, 4; 12, 24, 48, 
96, and 192 h exposure. to treatment conditions. At 24, 96, and 192 h, 
gill tissue· samples were taken for his~ological examination.: Fish were 
offered normal food rations during the exposure period. 
Mean plasma cortisol concentrations.were similar betw~en replicate 
groups; thus the.results were pooled within treatment groups. Fish 
exposed to low concentrations of suspended solids had cortisol levels 
similar to untreated controls -over the 192-h. period (F.ig. 1). Fish 
exposed to high suspended solids showed. a highly significant (P < • 01) 
elevation in cortisol between 12 and 48 h. ·sy 192 h, cortisol .concentra-
tion in fish exposed to high suspended solids' had returned to a. level 
near that of the control group. 
The maxiDlUJil concentration of cortisol for fish exposed to high 
suspended solids was approximately 40% of that shown by severely stressed 
(handled and crowded) fish after 10 h (Fig. l). The fact that cortisol 
concentration returns to a presumed basal level within 192 h implies either 
acclimation to treatment conditions, or physiological exhaustion. No 
mortality occurred· during the 192-h period for any treatment. Furthermore, 
all but two fish (from the low· solids treatment) that were treated with 
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suspended solids and then exposed to 75% SW for 3 d survived with no 
apparent distress. If physiological exhaustion occurred in fish exposed 
to high suspended solids, one would expect some.mortality to·occur during 
the.treatmefit period or the subsequent exposure to salt water. Therefors, 
we infer that ac_climation,. not pnysiological exhaustion, occurred during 
the 192-h exposure to high suspended solids. 
To assess the osmoregulatoryperformance pf juvenile steelhead trout 
after exposure to suspended solids; we transferred into 75% salt water 
fish that had been exposed to high, low, and control concentrations of 
suspended solids for 2 or 8 d. ·Two fish that had been exposed to low 
suspended solids died within 3 d. After 3 din SW, blood samples were 
taken and analyzed for sodium and cortisol. Sodium and cortisol were 
the same for both treated and control fish (Figs, 3 and 4). Furthermore, 
the.values of both sodium and cortisol were similar to those observed 
in the preliminary experiment (Fig. 2). We infer from these results·that 
exposure to suspended solids for periods of 8 d or less has no effect 
on osmoregulatory processes in juvenile steelhead trout after 3 din 
75% SW. 
Several other obsertations are of interest. · Fish exposed to -control 
_ and low ·concentrations of suspended- soi'ids fed actively throughout the 
experiment and their gut contents were subjectively similar in amount. 
Fish exposed to high levels of suspended solids did not rise to the 
surface when food was offered. Subsurface activity could not be observed 
for this treatment group. Some food was_present in the digestive tracts 
of fish exposed to high suspended solids, but the amount was considerably 
less than that observed for fish exposed to control and I.ow levels of 
suspended solids. 
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"fig. 3. Mean (:!: S.E.) plasma sodium in juvenile steelhead trout after 3 d in 75% 
sea water. l'ish were maintained for either 48 or 192 h in high (H), 
low (L), or control (C) levels of suspended solids prior to exposure to 
75% sea water. Two replicate samples (1 and 2) are shown for each group. 
Replicates are pooled ~or each group (P) and the grand means (pooled) 
for H, r., and C leve_ls of suspended solids are shown. n = 10. 
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)'ig. 4. Mean(± S.E.) plasman cortisol in juvenile steelhead trout after 3 d 
in 75% sea water. Fish .were maintained for either 48 or 192 h in .. 
high (fl), low (L), or .. control (C) levels of suspended solids prior to 
exposure to 75% ·sea.)'later. Two replicate smaples (1 and 2) are shown 
for each group. Replicates are pooled for each group (P) and the 
grand means (pooled) for H.L. and C levels of suspended solids are 
shown. n = 10. 
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During the exposure period, fish in control and low concentrations 
of suspended solids maintained positions near the.bottom of the aquarium 
and faced into the .current·. Fish exposed. to high levels of suspended 
solids were often observed swimming.sluggishly near the surface. Because 
solids in •suspension tend to fall toward the bottom,· concentration 
gradients developed in the experimental aquaria. Increased activity near 
-., 
the surface by fish exposed.to high.levels of suspended solids may evidence , 
behavioral selection of thti least stressful conditions •. 
Coho Salmon 
To establish the dynmcs of cortisol and sodium responses to a 
standard stress test in juvenile coho salmon (mean fork.length= 11.3 cm), 
we subjected fish to handling and continuous.crowding in small live-cages 
for 48 h. Cortisol conc:entrat:i.ons rose rapidly within 30 min and. continued 
. . \:O. increase for 10 h (Fig. 5). By 24 h, cortisol fevels had returned to 
. ~ :· . . 
basal levels. Sodium in the plasma of confined coho salmon decreased· 
steadily for 10 h. At 24 and 48 h, sodium levels were slightly higher 
than those at 10 h, but were still greatly depressed compared to the 
observed basal levels. Two out of six fish were moribund in the 10-h 
sample, and two out of six were dead in the 24-h ·sample. 
To determine the effect of an osmotic chal1engs cm the concentrations 
cf sodium and cortisol in the blood, we placed untreated juvenile coho 
salmon (mean fork length= 11.4) in FW and 75% SW for period. of 1-5 d. 
. For these fish, plasma sodium was maximum after 2 din SW followed by a 
steady decline until day 5; however, sodium at day 5 was stiU significantly 
higher than the observed· basal levels (Fig. 6). (Note that the fish 
used in this SW challenge had lower basal levels of sodi.um than those used 
in the confinement experiine.nt mentioned above; this may indicate some 
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Mean(± S.E.) plasma cortisol and sodilllll in juvenile coho salmon 
subjected to handling and continuous ·crowding .in a small live~ · 
cage. n = 6. 
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unknown. sampling error). ·control fish transferred to PW had depressed 
plasma sodium after day l; by day s,.sodiUl!i had risen to a level that 
was still subno1'illal. 
Co~isol responses by juvenile coho salmon transferred to 75% SW and 
FW were identical (Fig, 6). · Cortisol was mrutimal at day 1. By day 2, 
cortisol had decreased to a level considered to be basal. These results 
we·re used to evaluate the effect of an osmotic challenge on coho salmon 
exposed to suspended solids. 
To assess the effects of suspended solids on juvenile coho salmon 
(mean fork length = 12. l cm; mean wet weig]1t ~ 16.8 g), we exposed fish 
to high (2.0-2.5 g/L), low (0.3-0.5 g/L), and control (0.0 g/1) concentra-
tions of ·suspended solids. Two replicate tanks were maintained for each 
treatment group. Beginning·at llOO, 3 April 1979, blood samples for 
plasma sodium and cortisol assays were obtained from six fish in each tank 
after O, 4, 12, 24, 48, 96, and 168 h exposure to treatment conditions. 
At 48 and 168 h gill and liver samples were taken. Fish were offe1·ed 
· normal food· rations during the exposure period; 
Mean p\asma cortisol concentrations were similar between replicate 
groups; thus, the resuits were pooled within treatment groups. At 4·h, 
fish exposed to high suspended solids exhibited a significantly (P < 0.05)' 
elevated plasma cortisol ·concentration relative to control fish (Fig, 7), 
· Fish e:iq,osed to low suspended solids showed an intel'lllediate level of 
plasma cortisol. At 12 h, cortisol levels in the control g-roups liere 
significan):ly higher than at 4 h. This may have been caused by some 
unknown distul'bance. The maximwn cortisol value at 12 h for fish exposed 
to high suspended solids may have ·been a continuation of the trend noted 
£.ig. 7. 
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Mean (:!: S.E.) plasma cortisol concentration in juvenile coho salmon-. 
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at 4 h, and thus b@ related to treatment conditions i- Ql', :i. t mat }1aye 
Silllply reflected the same general conditions which c,1used the control 
fish to elevate cortisol. The generally parallel shape of the cortisol 
response.curves ror fish exposed to control and high levels of.suspended 
\·] 
· solids supports the latter explanation; however, the la~k of any cortis.ol 
. . . ' ' . . . . . , 
increase at.12 h in fish exposed to low ·suspended solids daes.not·support 
. •: . 
. th111 argument that some· general · disturbance caused an elevation· in co1·tisol 
levels. 
Cc~.sidering all time periods, fish exposed to higfr suspended solids. 
had significantly higher plasma cortisol levels than the control. group 
(P < 0.01). Fish exposed to low levels of suspended solids tended to 
.. have inte!illediate concentrations of cortisol. 
Mean plasma sodium concentrations were similar in juvenile. coho 
salmon exposed to the different levels of suspended solids.(Fig. 8). 
The maxinmm concentration of cortisol for fish exposed to high sus-
pended solids wa~ approximately 30% of that shown by severely stress_ed 
fish {Fig. 5 and 7). Both severely -stressed fish and fish exposed to high 
suspended solids appeared fo regulate their plasma cortisol leveis i,ithin 
24 h. As with steelhead trout, this regulation to basal levels could 
imply either acclimation or physiological exhaustion .. No mortality 
ocurred during the ,168-h period for any treatment group, nor did_any.fis~---
die during a post-treatment exposure to 75% SW. These facts support the 
supposition that acclimation occurred. 
To determine if the fish still had the capacity to elevate plasma 
cortisol after 7 din treatment conditions, four fish that·had been 
exposed to high suspended· s·olids, and three fish that had been exposed to 
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Fig. 8. - Mean plasma sodium concentrations in juvenile coho salmon exposed to 
high (2.0-2.S g/L), low (0.3-0.S g/LJ, and control (0.0 g/L) ·· 
concentrations of suspended solids. Mean S.E. for all_ points = 4.6._ 
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31 
low suspended solids were subjected to conti~uous confinement in a small 
live cage for 4 h. · Mean plasllia cortisol concentrations of these fish were 
388 ng/ml and 308 ng/ml for the high and low solids group, respectively. 
These values are among the highest ever observed in our laboratory. 
. . . 
Clearly, these fish were not physiologically exhausted due to exposure to 
suspended solids. Conversely, it seems that these treated fish had a 
much higher capacity to elevate cortisol than control fish (Fig.• S). 
Perhaps the change fro~ a dark, )m.lddy envirorunent to a clear, severely 
confined envi...-onment invoked greater psychological trawna than that 
experienced by control fish. 
To assess the osmoregulatory perfOI'lllance of juvenile coho salmon 
{mean fork length= 12.3 cm) that had been.exposed to various amounts of 
suspended solids prior to introduction into SW, we transferred fish held 
in high, low, and control treatment conditions· for 2 or 7 d into 75% SW; 
No mortality occurred during the next 3 d. After these 3 d, blood 
samples were taken and analyzed· for plasma .sodium and cortisol concentra-
tions. No significant differences were observed between treatme.nt and 
control fish for either sodium or cortisol (Fig. 9 and 10). We infer, 
then, that exposure to suspended solids for periods of 7 d or le·ss had· no 
effect on osmoregulato:ry processes in juvenile coho salmon after 3 din 
75% SW. However, it is surprising that the average plasma sodium 
. concentration in this group of fish was extremely· 1ow compared to those 
. values measured in a preliminary study (Fig, 6} and the suspended solids 
experiment· (Fig. 8), Fish used in the suspended solids/SW challenge 
experiment were about 50 d.older and larger (12.3 cm> 11.4 cm) than 
those used in the preliminary study. Some of the older fish exhibited 
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Mean(± S.E.) plasma ~odium in juvenile cop~almon after·3 din 75% 
water. Fish were maintained for either ~ or ~h in high (H), or 
low (L), or control (C) lev11ls of suspended solids prior to exposure 
75% sea water. Two repll.cate samples (1 and 2) are shown for each 
group. Replicates are pooled for each group (P) and the grand means 
(pooled) for H,L, and C levels of suspended solids are shown. n = 10. 
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Fig, 10. Mean (± S.E.) plasma ~ortisol tn juvenil~ cci~o salmon after 3 d in 75% 
sea water. Fish were maintained. 'for.either 48 or 192 h in high (H), low 
(L), or control. (C) levels of suspended solids prior to expo.sure to· 75% 
sea water. Two replicates samples (I and 20 are shwon for each group. 
Replicates are pooled for each group_ (P) and teh grand means (pooled) 
£or H,L, and C ;1evels of .suspended_ solids are shown, n = 10. 
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the silvery coloration characteristic of salmonic! smolts, We specula:t~ 
that if the fish were in 7molt condition, then physiological. systems 
may have overcompensated during the SW challenge, thus loweri_ng plasma 
sodium ~elow expected levels . 
. Fish exposed. to ccmtroi and 101!1 levitls of suspended solids fed 
actively throughout the experiinent. Fish exposed to high suspended 
s·olids were obseT'lfed to feed at the surfac11 occasionally, but the'ir 
feeding behavior was slow and unaggressive compared to fish exposed to 
control and low levels of susp.ended solids. 
To estimate the amount of food contained in the intestines of 
the fish, we used an index of 0-3, where O represented no food and 3 
represented the largest amount of food. After 2. din treatment 
.. conditions, six control fish had an average index of 2.2; six fish from 
the low treatm~nt; 2.3; and six fish from the high treatment; 0.8. After 
7 d, 12 control fish had an average index of 2.8; 12 fish from the low 
treatment, 2.5; and 12 fish from the high treatment, 0.1. 
Stress in fish can result in depletion of glycogen in the· liver 
(Rush and Umminger 1968). We hypothesized that exposure to suspended 
solids may alter a fish's.feeding behavior or metabolism so that the 
glycogen content of the liver would change. We attempted to characteriie 
, 
an assay for glycogen content in the liver of fish as described by Wedemeyer 
and Yasutake (1977). Initial attempts to quantify the liver glycogen 
of juvenile coho salmon that were exposed to high .(2-3 g/L), low (0. 5_ g/L), 
and control (O.O g/L) levels of suspended solids f~r 7 d were unsuccessful. 
Measured glycogen content in the fish was extremely low, indicating some 
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.. groups displayed consistent differences which may have some biological 
significance. Mean glycogen co~teilt (% weight of liver x io-4) ·for 
two replic~te samples of 6 fish in each treatment i,ere: 1. 0 and 2. 6 
for high solids, 9.3 a!ld 9.2 for,low solids, and 4.0 and 4.·s for the 
control grarup. 
As with steelhead t;rout, the juvenile coho salmon exposed to ccmt;rol 
and low levels of suspended sediment maintained positions nea:r the bottom· , 
of the aq~ium and faced into the current. Unlike the steelhead trout, 
the coho sall!lcn expose~ to high levels of. suspended sediment did not 
appear to swiJn at.the surface except du.ring feeding.· It seemed from our 
attempts to net the fish that the coho salmon were dispersed more or less 
evenly throughout the tank, although we could not observe their positions· 
.directly. 
Task 4: Responses to Different Types of Solids 
Suspended solids. may consist of various sizes and shapes of particulate 
matter. In Oregon. coastal streams suspended solids typically originate 
from forest topsoil and tend to be rather coarse and non-uniform in shape, 
To assess the importance of .partii,le geometzy· with respect to physiological 
responses to'suspended solids we·exposed juvenile steelhead trout (mean 
fork length= 11.4 cm; mean wet weight 12.5 g) to suspensions of topsoil., 
commercial kaolin clay and Mt. St. Helens volcanic ash from Moses Lake, 
Washington. Treatment conditions were chronic for 48 · h. High (2-4 g/L), 
low.(0.4-0.6 g/L), and control (0~05 g/L). Concentrations of suspended 
solids were .used in all experiments. Treatment and. control groups were 
replicated. Six fish.from each replicate group were sampled at O, 3, 9, 24, 
and 48 h after imposition cif treatment· conditio11s. Blood samples were 
assayed for cortisol, hematoerit, "ncl socll.um (m;" c;,,;mob.Hty), 
....... 
. ___ :_ ----·- .38 
Topsoil 
· This experiment was initiated on 2S June 1980; No mortality 
occur-red during the 48 h treatment p·eriod. Replicate groups wel'e 
statist:ically homogenous and hence combined. There was a sl.gni:ficant 
(P < p.05) elevation of cortisol in both _the high ·anll lot: treatment groups 
compared to contro.1 fish ·at 3, 9, and 24 h after imposition or treatment 
(Fig. 11). Fish .in tl:te high tTeatment gTOup also had. a_ignificantly higher 
cortisol levels at 48 h •. 
Another group of fish were exposed to one acute dose of·3 g/L 
suspended topsoil. Residence time (T112) of the solids: was approximately 
50 min.; thus, ·within 4 h the concentration of topsoil in suspension was 
below 0.1 g/L. Fish were sampled over a 24 h period after the acute · 
exposure. Fi.sh exposed.to an acute dose of suspended topsoU.tended to 
have higher cortisol .ievels than control fish at 3 and 9 h after treatment 
but.by 24 h no dif;fere'nc;e was evident. Cortisol levels of control fish 
remained constant within the statistical precision of the assay. 
These data support the previous findings (Figs. 1 and 7) · that exposure 
to high levels of suspended.topsoil cause a clinical stress response 
· .. 
with respect to plasma cortisol. However, unlike the previous results, 
low concentrations of suspended solids also evoked a significant increase. 
. , 
in cortisol levels. Differenc:es in the time of year· (25 June vs. 30 Nov.), 
average length (11.l vs. l~.7 cm), and hatchery of origin (Marion Forks 
vs.Alsea) ·may account for the differences in sensitivity to low concentration~ 
-
of suspended solids between years. Noggle (1978) suggests that seasonal 
effects, stock characteristics, and history of exposure to suspended 
solids may be important determinants for physiological and behavioral 
responses to suspended solids. 
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Fig. U. Mean (± S.E.) log cortisol versus time for juvenile steelhead trout 
exposed to high (2-4 g/L; dotted line). low (0.4-0.6 g/L; diagonal . 
dashed line), acute high (3 g/L single dose; dashed line), and control 
(0, 0 g/L; solid line) concen'trations of suspended topsoil. Stars 
indicate significant differences (p<0.05) between treatment and control· 
groups, 
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There.was no difference in plasma osmolality between treatment and 
cont:rol groups (Fig'.· 12). · ·ttematocrit values in fish exposed to high 
suspended solids ·were significantly (P < 0. OS) highel' than those of 
··control ·fish at 9 and 24 h after imposition of the treatment (Fig, 12). 
Fish exposed ta law concentration or an .acute high ·doss· of suspended 
solids had intermediate hematocrit values. Sherk et al. (1974) fowid 
elevated hematocrit levels in three estuarine f'ish species after. 120 h 
exposure to suspended solids. Hypoxia produces an im;rease in hematoc:rit 
level in rainbow trout (Swift and Lloyd 1974). Furthermore, Peddico:t'd, 
et aL (197S) reported that tolerance to suspended solids in fish is 
proportional to dissolyed oxygen concentration. · It is possible that 
exposure to suspended solids could create a respiratory deficiency 
analogous to hypoxia. If so, elevated hematocrit may function as a 
compensatory mechanism. 
Kaolin Clay 
This experiment was initiated on 14 July 1980. No mortality occurred . 
during the 48 h treatment with suspended clay. Replicate groups were 
statistically homogenous for their physiological responses so they were 
combined. There was a significant (p < 0.05) elevation of·cortisol in 
steelhead trout exposed to high suspended solids at 9 and 24 h (Fig. 13). 
Fish exposed to low.concentrations had significantly higher cortisol at 
.3, 9, and 24 h compared to control fish. At 48 h both treatment groups 
tended to J1ave higher cortisol levels than control fish. ·There is a 
striking similarity in the responses of cortisol between treatment groups. 
This fact suggests that the response of cortisol to suspended clay is 
dose-independent above a concentration· of· 0.5 g/L. In other words, a 
relatively low concentration r.>f ~usp"mded clay induces a threshhold resp.onse. 
of cortisol. 
.· ,ii. 12. Mean (± S •. E .• ) osmolality and hematocrit versus time for juvenile 
steelhead trout exposed to high (2-4 g/L; dotted line), low 
(0,4-0.6 g/L; diagonal.line), and control (0.0 g/L; solid line) 
concentrations of suspended topsoil. Stars indicate significant 
diff.erences (p < 0.05) between ·treatment and control groups •. 
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.-44 
Mean(± S.E.)_log cortisol versus time for juvenile steelhead trout 
exposed fo high (2-4 g/L; dotted line), low (0.4-0;6 g/1; dashed line), 
and control (0.0 g/L; solid line) concentrations of suspended kaolin 
.clay. Stars i_ndicate significant differences (p < b'. OS) between 
treatment and control groups. 
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. . There was no significant difference in plasma· sodium levels 
between treatment and control groups (Fig. 14), .Hematocrit values 
for fish exposed to both high and low concentrations. of suspende.d clay 
. . 
were higher than those from control fish, significantly (p < o. OS) for 
the low concentration group at 9 and 24 h (Fig. 14). Again, this result 
may signify a compensation for respiratory deficiency ·in fish exposed 
to suspended solids .• 
Volcanic Ash 
· This experiment was initiated on 24 July 1980, The 3 h sample was 
omitted fr= this experiment. No mortality occurred during the 48 h 
treatment wit:h volcanic. ash. Replicates· demonstrated .some vaTiability, 
especially between control groups, bu·t this variation liaS statistically 
insignifica..~~ (p < 0.05). To facilitate.comparison the replicate groups 
we:i::e combined. 
Because of the unusually high variability within control fish there 
were no significant differences between.control and treatment groups 
. (Fig, 15). However, there is a clear trend toward elevated cortisol 
levels in fish from both high and low concentrati~ns of volcanic ash. 
Several deviations from standard procedure may have been responsible 
for the unusual var1ability in the control groups. Fish of a suitable 
size for· clinical sampling were scarce at the time of this experiment. 
Consequently, we reduced the density of fish in the experimental .aquaria 
from 40 fi.sh/100 L used in other experiments to 27 fish/100 L, thus 
, 
making it more difficult to capture fish without disturbance,·especia11y in 
control aquaria where the fish can see the net. The control fish were 
significantly smaller than· the treatment fish due to non-random allocation 
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... . . 
,ig.-14. Mean.(± S.E.) soilium and hematocrit versus time for juvenile steelhead 
trout exposed to high (2-4 g/L; dotted line), low (0.4-0.6 g/L; dashed 
line}, and control (p. o· g/L; solid line) concentrations of suspended 
kaolin· clay. Stars indicate differences (p < 0.05) b~tween treatment 
and control groups. 
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lg, 15. Mean (± S.E.) log cortisol versus time for juvenile steelhcad trout 
eXposed to high (2-4 g/L; dotted line), .low (0.4-0.6 g/L; dashed 
line), and control (0.0 g/L; solid line) concentrations of suspended 
volcanic ash. · 
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of fish from holding tanks to aquaria. Acclimation time for these fish 
was only 5 d instead of the usual 7-10 d. Finally the date of the experiment 
corresponds to the period immediatly before smoltification of this stock 
of hatchery. trout. IYe have some recent evidence to. suggest that cortisol 
levels increase naturally prior to smoltification in coho salmon (J. 
Specker. unpublished data), perhaps implicating an additional source of 
variation in our experiments. 
There.was no significant difference.in plasma sodiU!ll values between 
treatment and c:oµtrol groups although there was. a te!ldency foi: the tr.eatment 
groups to have higher sadiUl!I values (Fig •. 16). Again, there was unusually 
high variability within control fish. Hematocrit values for both treatment 
groi.-pS consistently telided tu be· higher than those of controi. fish (Fig. 16j. 
'As before, elevated hematocrit levels in treatment fish may·represent a 
compensation for respiratory deficiency induced by exposure to volcanic·ash. 
General Comments 
The general·patterns of cortisol respons~s for fish exposed ·to suspended 
solids were remarkably similar for the three types of solids tested, topsoil, 
kaolin clay and volcanic ash, Both high and low concentrations of suspended 
solids elicited increases in cortisol, Maximal values .of approximately 
1.85-1.90 (antilog cortisol = 71-79 ng/ml) were attained within 9 h after 
the imposition of treatment. An apparent trend toward adaption, i.e., a 
retUl'll to basal level, was apparent by 48 h in most cases. 
Osmoregulatory performance as indicated by plasma sodium or osmolality 
was not significantly altered by exposure to suspended solids. 
Blood hematoc:rit levels· of fish exposed to suspended solids were 
. consistently higher than those of control fish in ·a,11 cases, strongly 
.suggesting a compensatory mechanism for impaired respiratory performance. 
, 
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., ... ig. 16= _M~an (± S;E;) sodium a.11d hema.tocrit ve~sUs ·ti~e- fOr juvenile 
steelhead trout exposed to high (2-4 g/L; dotted.line), low. 
(0.4-0.6 g/L; dashed line), and control (O.O g/L; solid line) 
concentrations of suspended volcanic ash. · · 
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.... On the. basis of.these data we are 1mable to discriminate between 
the effects of various types of suspended solids. 
Task 5. Fry Mortality 
Steelhead trout fry from the 1979 year class of A1sea Hatchery.(mean 
fork length .. - 3.3 cm; mean wet weight ~ 0.34 gf were subjected to high 
. . . 
l.S'-2.5 g/L), .low (0.5 g/L). and control (O.O g/L) concentrations of susc 
pended· solids for 96 h beginning 21 May 1979. Three replicate groups were 
maintained for each treatment group. No mortality occurred during the 
experiment or for the. subsequent 7;.day period wh(ln fi.sh were not exposed to 
. . . . 
suspemled solids •. Fish in all groups appeared to feed vigorously when food 
was offered., Fish exposed 1:0 control and low levels of suspended solids 
· tended to dart.rapidly. to.the surface and return to a position·near the 
bottom of the container. Fish exposed to high 1eve1s of suspended solids 
appeared to remain near the surface while food was present. 
Steelh~ad_trout fry from the 1980 year class of ·Alsea Steelhead Hatchery 
(mean fork length = 3 ;7 cm; mean wet we.ight = 0 .40 g) were exposed to high, 
low, and control ·r.:oncentrations of suspended clay and volcanic ash chronically 
for 72 h, Steelhead trout fry exposed to low and high concentrations 
of suspended clay experienced no mortality. . ' Furthermore, all groups_ of·fish 
seemed to feed vigorously at the surface, although th& feeding behavior 
of fry in the high concentration treatment group seemed more err.atic. 
Similarly, fry exposed to low and high concentrations of suspended volcanic 
ash experienced no mortality •. Surface feeding behavior was observed for 
fry held in clear water but not for fish exposed to vo.lcani~ ash. These 
observations suggest that steelhead trout fry can tolerate relatively· 
high concentrations of suspended solids for periods of 3-4 d. 
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Coho fry of the 1979 year class of Sandy Hatchery (111ean fork length "' 
3.4 cm; mean wet weight= 0.32 g) were subjected to high (3.0 g/L), low 
(0.5 g/L) • and control (O._O g/L) concentrations of suspended solids 
for 108 h begi1U1ing 8 March 1979. No mortality occurred during the 
experiment.' Fish in .all groups appeared to feed vigorously when food 
was offered. These obseryations suggest that coho fry can tolerate 
relatively high concentrations of.suspended solids for periods of at least 
' 
4 d. 
Task 6. Gill Histology 
Gill tis3tle wa_s prepared for histological examination from ... 
1) juvenile steelhead trout and coho salmon exposed to low·and high levels 
of.suspended topsoil for 2 or 7 d, 2) juvenile steelhead trout exposed 
·1:0 low and high concentrations of suspended clay and volcanic ash for 
2 d, and 3) steelhead trout and coho salmon fry exposed to low and high. 
concentrations of-suspended topsoil for 4 d. 
We could detect no consistent effect an the appearance of gill tissue 
by exposure to suspended solids of any type. · 
Task 7. Reduced Light and·suspended Solids 
Juvenile salmonids exhibit increased levels of plasma cortisol during-
. exposuxe to suspended solids of-various t:ypes (Figs. l, 7, 11, 13, _15). 
Conceivably, this effect could be d~e· to _1) the reduction of ambient light 
concomitant to increased turbidity or 2) the physical or chemical 
effects of the suspended solids. We conducted two experiments-to assess 
the importance of reduced ambient light with respect to the respo~se of 
cortisol in juvenile steelhead trout (fork length = 12-16 cm; wet weight = 
13-48 g), First, fish acclimated to ambient light. conditions were exposed 
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to a red dye (red no. 4) at a concentration (0.1 g/L) which effectively, 
blocked transmission of wavelengths of_light below about 550 nM, most 
of the visible spectrum below red light. For comparative purposes fish 
were also e'9?osed to a high (2.2-2.8 g/L) concentrat~on of suspend~d 
solids or-clear well-water. Presumably, any elevation in plasma cortisol 
· iii' fish exposed to dye would be due to. a .reduction in ambient tight or 
some chemical effect.of the dye itself rather.than ap.y physical distl!l"ba.nce 
associated with suspended solids. Secondly, fish acclimated to constant 
red light c~sso nM wavelength) in an otherwise dark room were exposed to 
red dye, high suspended solids, or clear well-water as were fish 
acclimated to ambient light. We' assumed, on the basis of certain behavioral 
:information, that salmonids are functionally blind in re_d light (Dr. Hiram 
Li, Oregon Sta-ce Univedity, pers. comm). If this is true, then a rapid 
elevation of suspended.solids under red light will not significantly 
reduce light perceptible to the fish; consequently, an elevation of 1,11asma 
cortisol relative to control fish under these conditions must be attributed· 
to the physical or chemical properties of the introduced solids. -Similarly, 
any elevation of plasma cortisol in.fish exposed to red dye in the darkened 
room must be due to the chemical properties of the dye.' 
Fish we:i:·e acclimated to either ambient light or red light. for at 
leas 1: 14, d prior to initiation of experimental treatments. All fish 
were starved during the acclimation period to·avoid differential feeding 
and growth. Dissolved oxygen was· approximately 8.0 mg/Land water temperature 
was 13.0 C during the experiments. Six fish were sampled from each treatment 
group at O, 4, 10, 25, and 48 h af~er onset of treatment. · 
To determine the potential lethality of ·red dye no. 4, we subjected 
fish to various concentrations of the dye (O.O, 0.1, 1.0, and 10.G g/L} 
for 4 d in static aerated aquaria. Within 18 h, all fish exposed to 
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67 
10.0 g/L-dye were dead. One of three fish exposed to 1.0 g/L died 
· within 40 h. All other fish survived for the duration of the 4 d bioassay. 
We infer from these data that a concentration of 0.1 g/L of red dye no; 4_, 
the c·oncentration used in our experiments, is relatiyely benign tQ st.eelhaad. · 
• 
trout during short-tel'DI exposure. . 
Juvenile steelhead trout acclimated to ambient light conditions 
showed predictable elevations in plasma cortisol concentration during 
exposure to sustJended solids (Fig. 17). This response was similar to that 
observed in previous experiments: Control fish stru:I fish exposed to red 
dye exhibited no increase of cortisol. We conclude from this information 
that an acute reduction in ambient light alone is not sufficient to induce 
elevated plasma. cortisol levels. 
·Fish acclimated to constant darkness (red light) showed a significant 
elevation in plasma cortisol concentration during exposure to suspended 
- solids (Fig. 17). · .However, the maximum concentration of cortisol and 
the dynamics.of the response were different from that expected 011 the 
basis of experiments done in ambient light. Furthermore, fish acclimated 
to darkness and exposed to r-ed. dye· showed ~ome elevation of cortisol, 
although 1t was not significantly. different from control levels. These 
dat·a, like tho_se from fish in ambient light, suggest that exposure to 
suspended solids induces an increase in plasma cortisol which is not 
r!!lated to an acute reduction in perceptible light. However, the 
generaliy higher and more variable cortisol levels observed for fish 
accli.mated to darkness implicate the possibility of experimental error, 
perhaps some uncontrolled physical disturbance or momentary exposure to 
reflected light. 
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,58. 
Mean (± S.E.) plasma cortisol concentration in juvenile steelhead 
trout acclimated to darkness or ambient ·light and .exposed to ·high 
levels of suspended solids (dotted. lines) 0.1 g/L red dye no.4 · 
(dashed lines), and clear well-water (solid lines). 
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Task 8. Reduced Light and·Confinement Stress 
We conducted two experiments to determine if the absence of light 
alters the concentration of plasma cortisol in steelhead trout during. 
stress. The observation that juvenile salmonids tend to .select darkened 
areas for co~er suggests the hypothesis .that the level of ambient light 
during stress may pl~y a role in the induction and maintenance of the 
general. stress r~sponse CL e., the> set of physiological responses generaily 
' associated wi:th stress) i:n fishes. :putative theory regarding stress in 
animals includes psychological fa
0
ctors relating to sensory awareness, 
fright, and. an.uecy-. For instance, anesthetics are knotm to alter a fish's 
response to st=essful conditions (Strange and Schreck 1978) •. Our hypothesis 
was that the sttess of handling, crowding,' and confinement, as indicated 
by the concent=ation of plasma cortisol, may be mitigated when perceptible 
· .. light is absent or reduced; i.e., when visual perception is negated. 
To test. this hypothesis, we acclimated juvenile s·teelhead· trout to· 
ambient light and complete darkness for 7-14 d. Fish were not fed during 
the acclimation period or subsequent treatment to·prevent·differential 
feeding rates in the light and dark. Fish acclimated to ambient light 
were netted and then confined in small live-cages in ambient light (L-L) 
or in darkness (L-D) for 1, 7, 24, and 48 h. Similarly, fish acc;limated 
to. darkness were netted and then confined in ambient Hght (D-L) or 
darkn;,ss (D-D) . · Plasma cortisol was measured in 6 fish from each group 
at each sampling time. Netting and confinement- causes a rapid and severe 
elevation in the concentration of plasma cortisol. in juvenile salmonids. 
One experiment was conducted on 19 February 1980 when the fish.had 
an average wet weight of 24.7 g. The second experiment occurred on 2.April 
1980, when the fish weighed about 26.l· g. Many of.the fish used in April 
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were undergoing parr-smolt transformation, a fact .which obfuscates the 
results. Furthermore, during April,. the water supply for the experimental 
aquaria was supersaturated with nitrogen gas at a sub-lethal but detectable 
leval • 
. Results. for the February experiment indicaee unequivocally that con-
finement in the dai'k, regardless of t_he accli11111tion regime, mitigates the 
increase in plaslll!I.- cortisol concentration compared to that in fish confi1led 
in ambient light: (Fig. 18). :This effect was evident at .7, 24, and 48 h 
after confinement. The initial response-at 0.75 h was identical in all 
groups. One·or two fish died.or were moribund in all groups. _Plasma cor-
tisol levels for these fish were not used in the calculations. At 48 h, 
one fish from both the 0-L and L-L groups was moribund, and two fish (both 
precocious) from the L-0 group were dead. Orie fish from the 0-0 group 
was dead in the 24-h sample. It is not known when during the experiment 
those fish from the D-0 and L-0 groups died. It is not unconunon for a 
few fish to die during confinement. Unconfined control fish acclimated 
.to ambient light and darkness showed no elevation in cortisol levels 
,and did not differ among themselves. 
Results from the April experiment show no significant differences 
between groups with respect to mean cortisol·concentration·during_confine-
ment (Fig •. 19). One fish died in the L-0, -L-L, and 0-0 groups sampled 
. at 24 h. Th_e 0-D gro_up showed an unusual response patte'I'll during 
confinement, which may.be related to treatment conditions; however, the 
relationship is unclear.· Unconfined control fish exhibited no increases 
in cortisol levels during the samp_ling period, 
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Mean'(± s·.r:., n x 6). cortisol concentrations in juvenile steelhead 
trout ac;:climated to ambient light (L) and darkness (D), netted, 
and"then confined in small live-cages :up to 48 h in either ambient 
light or darkness. j:Xperiment conducted in !'~briiary. 
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Mean (± S.E., n · = 6) cortisol· concentrations in juvenile steell1ead 
_trout acclimated ·to ambient light (L) and darkness (D), netted and 
then confined in small live-cages up t'o 48 h in· either' 'ambient light 
· or darkness. Experiment· conducted ,in April. 
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·rt appears that under some conditions the level of ambient light 
plays a significant role with respect to cortisol concentration during 
confinement". The lack of significant differences during April may be 
, related to ti\e developmental st:age·of the fish, many ?f which exhibited . 
. , ' ~ 
the characteristics of smolting fish. Poor water quality during the 
..; . April experiment may also have influenced the results. 
Two explanations are evident for the·positive results obtained in 
· February. First, the loss of Vi!illal perception in darkness may have 
_
1 
reduced 1;he fish's· "psychological" awareness of_ the stressful situation. 
· .. ~ 
., If vision is important for inducing fright and other behavior in fish, 
. . . 
, then it is plausible. that the loss qf vision, or altern_ately, the increase · 
J 
, in visual isolation from the per_ceived st:ressor would negate the fright 
1 
· · .. ·,, ·,response and thus perhaps reduce the level .of plasma cortisol. Secondly, 
.. , darkness may_ have a strictly mechanistic physiological effect in reducing· 
.,· 
'· 
_.·J •·he level 0£ cortisol during ··stress. Perhaps photosensitive tissue in 
'the brain or rettina alters the function of the hypothlllmic-hypophyseal-
. l 
interrenal·axis in darkness.· ., j 
., 
.... 
"! 
:j 
·f 
·: j 
' 
' 
Hatchery practices; such as, crowding, netting, and. transportation 
cause increases in the level of plasma cortisol and are presumably 
stressful for the fish. It is conceivable, on the basis·of these findings, 
tha·t the stre~s associated with cmmnon hatchery practices could be 
·.J mitigated to some extent by conducting _stressful activities under conditions 
;j - .. 
Another ramification is the possibility of decreasing _j of reduced_ light. 
J stressful social iateract1ons of fish in hatchery ponds by decreasing 
· . j ambient· light to a levei where visual isolation from other fish is increased. 
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Task 9. Suspended Solids and Confinement Stress 
Exposure ta suspended solids may affect a fish's response to other 
stressors. Our general understanding of stress· suggests that the effects 
t of multiple stre~sors tend. to t,e iiddi tive.up to a level where- physiological 
!'; 
exhaustion and death occur. 
To evaluate the fish's response to a severely stressful situation 
during exposure to suspended solids, we used a standard test in which fish 
were subjected to handling, crowding, and continuous-confinement for 0, 
0.25, 1, and 8 h in small live-cages suspended in flowing water. This 
treatment is known to cause a rapid and severe elevation of cortisol in 
salmonid species (Figs.land 5). Fi.sh were acclimated to constant darkness 
(low-intensity red light; the fish would.not ex.~ibit avoidance of a 
netting) or ambient light for 14 d prior to exposure to· suspended solids. 
After 48 11 exposure to high suspended solids fish were netted and confined 
under. the. same photic regime as that during acclimation. 
Steelhead trout confined in live-cages during exposure to suspended 
solids showed a slightly atypical response pattern· for cortisol (Fig.· 20). 
After a very ripid elevation within l h, cortisol l~vels decreased by 
8 h. Results from other experiments with steelhead trout· an_d coho salmon 
juveniles predict increasing, not decreasing, cortisol levels at 8 h 
(Figs. 1 and 5). The photic regime of acclimation and treatment had no 
significant· effect on fish confined in water with suspended solids. 
We conclude that the effects of exposure to suspended solids on 
the response of cortisol during severe confinement are not additive or 
-
synergistic. Rather there is an apparent trend toward mitigation 
of the .cortisol response 8 h after confinement. It may be· that the 2 d 
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Mean(% S.E.) plasma cortisol concentration in juvenile steelhead 
trout acclimated to darkness(D-D) or ambient light (L-L) and 
then confined in small live~cages in water. with high suspended 
solids. · 
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exposure to suspended solids prior to confinement tended to·accustom the 
fish to stress so that the response to a _second stressor was less severe. 
Alternately, the reduced light level_s associated with high turbidity 
may J;iaye mitigated the effects of severe confinement (See Fig. 18). 
Task 10. Elevated Telllperature and Suspended Solids 
_, 
During summer months water temperature in Oregon coastal streaM 
adjacent to clear~cut areas may exceed 2o•c, whereas streams in undisturbed 
watersheds seldqm exceed 15°C (Moring 1975). The combination 6f elevated 
temperattn:e and high suspended solids may alter responses associated with 
either condition alone in juvenile salmonids •. Acclimation temperature 
is known to influence the.cortisol stress response in.cutthroat trout, 
Salmo clarki (Strange et al. -1977). Juvenile stedhead t·rout (mean 
fork length= 12.1 cm; mean wet weight= 15.4 g) from Marion Forks 
Hatchery were initially held at 12°C and then gradually acclimated to 
20°C over a. period of 7 d begj_nning 11 June 1980. On 18 June fish 
were exposed chronically to 3-4 g/~_suspended topsoil for 48 h. Control. 
fish were also acclimated to 2o•c but .were not exposed to suspended solids. 
Both treatment and control groups were replicated, .Six fish from each 
replicate group were sampled at 0, 3, 9, 24, and 48-h after onset of 
treatment conditions. Blood s·amples were analyzed for cortisol, sodium, 
and hematocrit. 
No mortality occurred during the l!Cclimation period or during the 
48 h treatment period. ·Replicate samples were not significantly different 
from each other; thus, they were combined. The imposition of 3-4 g/L 
suspended topsoil caused a significant (p ~ O.OSJ elevation of .plasma 
cortisol (calculated as log cortisol) compared to unexposed control · 
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fish at 3 and 9 h after onset of treatment (Fig. 21). At 24 h treated 
fish still tended ·(p < 0.10) to have higher cortisol levels than control 
fish but there was no difference at 48 h~ Tite maximum value and general 
shape of the response curve for treated fish are very similar to those 
of fish exposed to suspended topsoil at 12°C (Fig. 11). Unexpectedly, 
there was a significant and progressive elevation of cortisol in control 
fish during ths 48 h test. Control fish held in 12°C water at approxi-
mately the same time and under identical conditions showed no significant 
change in cortisol levels (Fig. 11). 
., 
Titese data suggest· a possible interaction between temperature and 
'suspended solids with respect ~o their effect on cortisol response. 
:1 The interaction was not additive o:r synergistic in that the cortisol 
.,' response after exposuxe to suspended topsoil was similar at 12• and 2o•c; 
,If the interaction was additive or synergistic one would expect a much 
higher response at 20°C because control fish had higher levels of cortisol 
.at 20°c than at 12°c. 
Several explanations may account for the observed data. Most simply, 
'the control fish may have been more irritable or sensitive to disturbance 
.at 20°C compared to control fish at 12°C or compared to treatment fish· 
.at 20°C which were effectively shielded from visual disturbance by the 
suspended solids. In this case an interaction between suspended solids 
.and temperature need not exist; the response of control fish could. have 
been artifactu.al. Alteinately, the fish may have been incapable of 
increasing cortisol levels beyond the observed range without physiological 
disaster. Some physiological response ceiling may be operative during 
stress. This explanation seems unlikely because we regularly observed 
fish with cortisol concentrations in the range 100-200 ng/ml (log 
I 
l 
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Mean(± S.E.) log cortisol versus time for juvenile steelhead trout 
acclimated to 20°c and exposed to high (2-4 g/L; dotted line) and 
·control (o.o g/L; solid line) concentrations of suspended.topsoil. 
Stars indicate significant differences (p< 0.05) between. treatment 
and control groups. 
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cortisol~ 2.0-2.3). Another alternative is that the elevated tempera-
ture actually mitigated th.e effects of suspended solids while inducing 
an increase itself, thus producing a·balanced net effect. High 
temperature is known to inhibit the response of cortisol to a stressor 
in cutthroat trout (Strange et al. 1977). 
There were no significant differences between plasma·sodium 
:T~vels of control and treatment fish (Fig. 22). Blood hematocrit 
was consistently higher in treatment groups, significantly so at 3 h 
(Fig. 22). 
Task 11. Suspended Solids and Disease Tolerance 
Stress in mammals and fish is known to suppress the immune 
system and thus render the animals more susceptible to pathogens. 
To determine if exposure to suspended solids alters a fish's tolerance 
to a pathogenic organism, juvenile steelhead trqut (mean fork length~ 
9 .. 6 cm) were treated for 2 d with 2. S g/L suspended topsoil and then 
exposed .to the waterborne pathogen, Vibrio anguillarum. The dose and 
duration of the inoculation were predetermined to induce approximately. 
50% mortality in untreated fish. Control groups consisted of: 1) untreated 
fish exposed to Vibrio, 2) treated fish not exposed to Vibrio, and 3) 
untreated fish·not exposed to Vibrio. Mortality was monitored twice 
daily for 11 .d. Postnrortem· bact<!riological analyses was used to establish 
positive infection by Vibrio. Survivors were also tested for Vibrio 
infection, Percent mortality and mean day to death were calculated 
for each group. Mortalities which could not be attributed to Vibrio were 
not included in the calculations. Table 2 summarizes the results, 
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. 22. Mean (± S.E.) sodium and heutatocrit versus time for juvenile steel-
head trout acclimated to 20°C and exposed to high (2-4 g/L; dotted 
line) and control (0.0 g/L; solid line) concentrations of suspended 
topsoil. Star indicates significant difference (p < 0.05) 
between treatment and control·groups. 
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Tabla 2. SUJrunary of results :from steelhead ·trout juveniles exposed to y. anguilarum. 
Disease Challenge 
Replicate 
Total fish 
Number died during 
treatment 
Number died 
from Vibrio(%) 
Mean day to death 
Mean log day to death 
Number died from 
other causes 
Number of survivors 
Number of survivors · 
positive for Vibrio 
Susll.ended Solids 
Infected Uninrecited 
1 
25 
6 
14 (74) 
4.5 
0.606 
0 
5 
1 
2 
25 
5 
16(80) 
3.7 
0.561 
1 
3 
0 
1 
25 
6 
ID 
0 
4 
15 
Cl 
Contr°ol 
Infected Uninrected 
1 
25 
2 
10(43) 
4.5 
0.605 
l 
12 
0 
2 
. 25 
l 
15(63) 
, 
4.8 
o. 652, 
4 
5 
l 
' 
l 
25 
0 
0 
0 
1 
24 
0 
....... ''"::."'~;;,..~-· 
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The proportion of fish which died from Vibrio. was· significantly 
·! different between those groups treated with suspended solids and control 
j groups cx2 = 4.31, d.f.l, P < 0.05). Replicate groups were not significantly 
C 
different. Groups exposed to suspended solids experienced higher mortality 
than control groups. Groups exposed to suspended solids also tended 
to _have a lowe~ mean day to death. 
These data suggest that exposure to suspended solids significantly 
. reduces a fish's tolerance to the pathogenic ba,cterium, !• anguillarum •. 
_We do not know the mechanism by which tolerance is reduced; however, 
two possibilities are evident. First, the suspended solids may irritate 
or-abrade the epithelia of the fish so that-entry of the microbe into 
the fish's body is facilitated. Secondly, exposure to suspended solids 
·could elicit ·a general stress response which j,n turn would suppress 
the _animal's immunological capacity. Previous results showing increased 
plasma cortisol levels during exposure to suspended solids- support the 
second possibility. 
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Conclusions 
1. Juvenile coho salmon and steelhead trout exposed to high {l. 7 -2. 7 g/L) 
concentratio~s of suspended topsoil had elevated plasma cortisol, 
suggefiting that exposure to high levels of suspended'solids is a moder-
ately stressful condition., The maximum concentration of cortisol 
for fish exposed to high suspended solids was approximately 30-50% 
of.that shown by fish in a severely stressful situation (severe 
confinement). 
2. Acclimation, i.e., a retuxn to basal levels, was achieved with 
respect to plas= cortisol concentration within 7-8 d during 
3. 
. exposure to high levels of suspended solids. 
Exposure to low (0.4 - 0.6 g/L) levels- of suspended topsoil did not 
caus.e a- significant elevation of plasma cortisol for steelhead 
trout or coho salmon juveniles in November 1978 and April 1979 
respectively; however, steelhead trout exposed to low levels of 
suspended topsoil in June 1980 showed a signifi~ant increase in· 
. ' plasma cortisol. These countervailing results may be due to seasonal 
differences in response to suspended topsoil, 'stock differences, 
or size differences between fish in each experiment. These data 
suggest that in some cases exposure to low· levels of suspended 
solids may be moderately stressful for juvenile salmonids. 
4. Mortality rates were unaffected by exposure to suspended solids 
in all experiments (except during the disease.challenge) for 
both juveniles and fry. 
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S. ·osmoregulatory performance of fish in 75% seawater after exposure 
to suspended solids was no.different from that of control fish. 
6. · Osmoregulatory performance in freshwater was unaffected by 
exposure to suspended solids. 
7. Blood hematocrit levels in fish exposed to suspended solids·were 
consistently higher than those of control fish, suggesting a 
compensatory response to impaired respiratory performance. 
8. Histological e=ination of gill tissue of. both juven~les and fry ... 
-revealed no consistent effect due to exposure to suspended solids. 
9. 
10. 
A rapid reduc.:ion in ambient light such as occurs during periods. of· 
increasing _t-.!rbidity did not induce aa~_increase in plasma cortisol• 
Thus, it is likely that the physical or chemical nature of the suspended 
solids was the causative factor inducing the positive cortisol 
response. 
In one eA-periment the absence of light during the imposition of· 
a stressor, i.e., severe handling and confinement, appeared to 
mi ti gate the normal response of cortisol. 
11. The effects o.f exposure to suspended solids on the response of 
cori:isol during severe confinement are not ;i.dditive or synergistic. 
Instead, there is an apparent trend toward mitigation of the cortisol_ 
response. 
12. Exposure to suspended topsoil at 20°C induced an increase in 
plasma cortisol which was comparable to that observed at 12°C. 
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·However, ordinary treatment of control· fish held· at 20°C caused· 
a gradual increase in plasma cortisol. We conclude that the 
combined effects of ·suspended topsoil and elevated ambient tempera-
ture are not additive or· synergistic, but some unknown interactive 
fact~rs may.be operative. 
13. Expqsure to suspended topsoil significantly reduced the fish's 
tolerance to the pathogenic bacterium, V. anguillarum. This 
reduced tolerance may_be due to direct facilitation of microbial 
infection, e.g.,. through abraded epithelia, or to indirect :i.mmuno-
suppression via activation of a general stress response~ 
14. Exposure to both high and low- concentrations of suspended kaolin 
clay a.~d voicanic ash induced ;nr?A~s~e in plasma cortisol and 
hematocrit that were remarkably similar to those observed during 
exposure to suspended topsoil. 
--15. A single acute exposure to high suspended topsoil tended to 
elevate plasma cortisol 3 and 9 h after imposition of treatment 
but by 24 h there was no discernible difference between control 
and treatment fish. This suggests that the effects of acute 
exposure to suspended topsoi! are less severe and more transient 
than those induced by chronic exposure. 
... 
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